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Abstract
In preview search, half of the distracters are presented ahead of the remaining distracters and the target. Search under these conditions
is more eYcient than when all the items appear together (Watson & Humphreys, 1997). We investigated the mechanisms contributing to
this preview beneWt using an orientation discrimination task. In a display of vertical Gabors (all equidistant from Wxation) one Gabor
(chosen at random) was tilted (left or right). When half the non-tilted Gabors were previewed, thresholds increased less with the number
of Gabors, relative to when all the Gabors appeared together (a preview beneWt). In a further experiment, orientation noise was added to
some of the Gabors. When all Gabors were presented simultaneously, orientation thresholds for the target increased. The eVects of noise
on thresholds was reduced, however, when the noisy Gabors were presented as a preview. Furthermore, there was less eVect of noise in the
preview condition than when observers were cued to a subset of Gabors (with a cue presented prior to the Gabors, adjacent to their posi-
tions). Visual information can be eVectively excluded from the previewed locations to a greater degree than when attention is directed to a
subset of display items. The implications for understanding the mechanisms involved in preview search are discussed.
© 2006 Elsevier Ltd. All rights reserved.
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In the cluttered visual environment it is often useful to
be able to ignore information currently present so that one
can orient to new visual information, for example when
waiting for a friend arriving at a railway station. This abil-
ity to restrict search to newer visual items has been
explored using the preview search paradigm. In this proce-
dure, one set of search distracters is shown as a preview,
prior to the other items. Search in this preview condition is
more eYcient than when all the items appear together
(Watson & Humphreys, 1997). This preview beneWt in
search shows that that the visual system can use temporal
cues to guide selection of target items. How this occurs,
however, is unclear. In the present study we measure
whether visual noise can be excluded when it is a preview
and compare the eVects of the preview display to explicit
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experiments test whether attention capture by the newer
items and cueing of attention to the positions of the newer
stimuli are suYcient to account for the preview beneWt in
search.
Preview search was Wrst examined in detail by Watson
and Humphreys (1997). They argued that the preview ben-
eWt stemmed (at least in part) from inhibition actively
applied to the locations of the previewed distracters – a
process they termed visual marking. This argument was
supported by studies investigating luminance increment
detection at the locations of previewed items compared to
at other display locations. When observers prioritise search
for the target, luminance increments are harder to detect on
previewed items than on the newer, non-previewed items
(Watson & Humphreys, 1998) or at unoccupied ‘neutral’
locations (Humphreys et al., 2004a, see also Agter & Donk,
2005). These results suggest that sensitivity might be lower
at previewed locations for previewed items. Alternative
accounts of the preview beneWt, however, do not require
that the previewed distracters are inhibited. For example,
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porally segmented from the old, previewed, items, enabling
observers to attend directly to the newer items (Jiang &
Wang, 2004). Further possibilities are that attention is sim-
ply captured by the newer items on each trial in an auto-
matic fashion (Donk & Theeuwes, 2001; Donk &
Theeuwes, 2003), that the visual system has habituated or
adapted to the previewed set or that attention is biased by
the preview towards empty locations where new items can
appear.
These theories of preview search can be diVerentiated on
various grounds. Unlike ideas of automatic attention cap-
ture, adaptation or segmentation into older and newer tem-
poral groups, proposals for active inhibition and for active
directing of attention to empty locations hold that preview
search depends upon the ‘attentional set’ of the observer.
Data from probe-dot detection studies and from fMRI
studies of preview search are consistent with this. For
example, the reduced detection for probe dots on old stim-
uli depends on participants prioritising newer items for
search, and the eVect is eradicated when probe-dot detec-
tion is the primary task (Humphreys, Stalmann, & Olivers,
2004b; Watson & Humphreys, 2000). In fMRI studies, pre-
view search is associated with enhanced activity linked to
the preview display (Allen & Humphreys, 2006; Olivers,
Smith, Matthews, & Humphreys, 2005; Pollmann et al.,
2003). This enhancement occurs even in ‘dummy’ condi-
tions when previews are not followed by the newer items
and also when comparisons are made relative to when
exactly the same displays appear but, in contrast to preview
search, the previews are replaced on a majority of trials by
displays where all the items occupy new locations in search
(reducing the incentive to suppress the previewed stimuli).
These ‘active’ accounts of preview search are also consis-
tent with data on the eVects of dual tasks performed during
the preview period, which reliably decrease the preview
beneWt (Humphreys, Watson, & Jolicoeur, 2002; Olivers &
Humphreys, 2002; Watson & Humphreys, 1997). In con-
trast, the same dual tasks have minimal eVects if performed
prior to baseline tasks, where the newer items are not pre-
ceded by a preview. This indicates that taking attention
away from the preview, rather than attention away from
the onset of the newer items, is disruptive to search. Probe
detection studies also show that attention tends initially to
actively engage on the preview, prior to attention being
withdrawn (Humphreys et al., 2004b). This Wts with event
related potentials (ERPs) showing that early ERPs to
probes at old locations can initially be boosted (Belopolsky,
Peterson, & Kramer, 2005), whilst there is also a slower sus-
tained ERP found under preview conditions relative to
when participants actively search preview items (Jacobsen,
Humphreys, Schroger, & Roeber, 2002). Behaviourally the
preview eVect also has a relatively long time course, with
previews of 400ms or longer being required to optimise
search (Humphreys et al., 2004a; Watson & Humphreys,
1997). It should be noted however that Donk and Verburg
(2004) have argued that the long time course of previewsearch is due to participants having to suppress a response
to the onset of the new items. However, their study did not
include a full, non-previewed baseline conditions necessary
to conWrm the presence (or absence) of the preview beneWt.
As well as manipulating the duration of the preview,
Humphreys et al. (2004b) used items that were not deWned
by onsets and included appropriate baselines to demon-
strate the presence of a preview eVect. They conWrmed the
long time course of the eVect. Of course, automatic as well
as active attention-dependent processes may also contrib-
ute to search. Indeed the small beneWt that occurs even with
relatively short intervals between the preview and newer
items is consistent with a contribution from automatic cap-
ture and/or segmentation of the displays (cf. Humphreys
et al., 2004a).
In the present study we examine these issues further
using, for the Wrst time, a psychophysical approach to mea-
suring preview search. We measure orientation discrimina-
tion thresholds for targets in a preview search display with
and without orientation noise, as well as comparing pre-
view search to a condition where we explicitly cued the
positions of some of the newer items in the search task. We
ask whether preview search is eVective in reducing the
eVects of noise from older items in search displays, and
whether previews are more eVective in this than cues to the
locations of the items that would normally comprise the
second display in the preview condition (a condition
encouraging active attention to the locations of the critical
search items).
According to signal detection approaches to visual
search (see Verghese, 2001; for a review) each item in a
search display provokes a noisy representation in the visual
system. If the representation of the target does not overlap
with the representations of the distracters then search for
that target is easy and/or rapid. If, however, the representa-
tion of the target and the distracters overlap, then search
for the target is diYcult and/or slow. In particular, search
should be diYcult if both the target and the distracters fall
within the bandwidth of the detectors responsive to the tar-
get-deWning property. Thus, diYcult search may be pro-
duced either by varying the values of this deWning property
(i.e., adding distractor noise by increasing their heterogene-
ity, or making the distracter values properties more similar
to the target properties; see Duncan & Humphreys, 1989)
or by presenting distracters spatially close to the targets
(i.e., within the same receptive Weld). According to this
framework, cueing a target can be beneWcial because it
reduces spatial uncertainty (Morgan, Ward, & Castet, 1998)
allowing the visual system to focus its resources at the cor-
rect location. Attention can be directed to a target with
either peripheral or central cues (Cheal & Lyon, 1991).
Peripheral cues can automatically capture attention. Cen-
tral cues, in contrast, allow for voluntary shifts of attention
based on the information content of the cue. It has been
proposed that peripheral cues lead to an improvement in
performance via a rapid-acting but transient attention net-
work (Cameron, Tai, & Carrasco, 2002), whereas central
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tained processs (Lu & Dosher, 2000). The long time course
of the preview beneWt suggests that it may be driven by a
slow, sustained type process (Watson & Humphreys, 1997)
acting during the preview display.
We can ask, therefore, whether previewing items improves
performance by reducing uncertainty during the processing of
the representations of the potential targets. This reduction in
uncertainty could come about in at least two ways. One is that
the uncertainty concerning the target could be reduced by
suppression of the previewed set of distractors. This would
make it less likely that distractor locations, and the features of
distractors in those locations, would compete for selection
with the target. This would be consistent with the visual
marking explanation of the preview beneWt (Watson &
Humphreys, 1997). Alternatively, there could be a reduction
in spatial uncertainty if, on each trial, observers use the pre-
view items as guides for selective attention, directing attention
to the empty locations where the new (to be searched) items
will appear. There is some work indicating that the beneWt
found from previews in search can be matched when partici-
pants are given a cue for selection, Peterson, Belopolsky, and
Kramer (2003) used motion to indicate subset of distracters
within a search display. Placeholders indicating the future
locations of search items were brieXy swirled together so they
could form a group. Participants were able to selectively
attend to the items in the ‘moved’ locations (although not the
converse, ‘static’ locations) and this produced a beneWt similar
to that found in preview displays. Peterson et al. (2003) sug-
gested that this form of selective attention underlies the pre-
view beneWt. On the other hand, Watson and Humphreys
(1997) found no beneWt when observers were presented with
place markers to indicate the locations of the critical items,
instead of a preview. The methods used in both studies would
allow participants to attend to a subset of items – however,
they produced conXicting results. To investigate the diVerent
sources of uncertainty reduction we measure the eVect of add-
ing noise to the previewed items. If participants can exclude
information from the previewed items (whether by suppress-
ing the information from the previewed items or by attending
to the locations of forthcoming items, enhancing the informa-
tion at these locations) this noise will not aVect their perfor-
mance in the preview condition. If the preview beneWt
depends on a slow suppressive process during the preview dis-
play then the ability to exclude noise will be greater for rela-
tively long compared with relatively short preview durations.
We then compare performance in a preview condition to per-
formance when participants are explicitly cued to the loca-
tions of the newer items in the search displays. If the
previewed items act to guide attention to the locations of the
newer items, we should Wnd equivalent results in the cueing
and previewing conditions.
2. The present study
In the present study we ask how the preview beneWt is
operationalised in the visual system and whether searchover time requires a slow sustained selective attention pro-
cess. We Wrst replicate the preview beneWt eVect using an
orientation discrimination paradigm. We then investigate
how eVectively information is excluded from the previewed
locations by adding orientation noise to the previewed
items. If the preview beneWt acts by reducing the number of
display locations contributing to performance, then noise in
the preview should have a reduced eVect on performance
relative to when a full-set of distractors are presented along
with the target. We found that this was the case. The beneWt
also increased as the preview duration increased, contrary
to accounts in terms of temporal segmentation and atten-
tion capture by local onsets. Following this, we compared
performance in the preview condition to that found when
we explicitly cued either (i) items that were not the target or
(ii) a group of items that included the target. Performance
in the preview condition was better than either form of cue-
ing condition, suggesting that selective attention directed to
the locations of the newer search items cannot account for
the preview beneWt.
3. General methods
There were two experiments. In Experiment 1 we measured orientation
discrimination thresholds for a Gabor target occurring with varying num-
bers of upright Gabor distracters presented either at the same time or with
some presented as a preview. We also measured the impact of orientation
noise in the distracters on this threshold. In Experiment 2 we compared
performance with a preview display to that found with explicit cueing of
some of the items. The methods for both experiments were similar.
3.1. Observers
There were four paid observers, all naïve to the purpose of the experi-
ment. Two were experienced psychophysical observers (AGC, BA). All
four participants were graduate students at the University of Birmingham
and aged between 20 and 30. All had normal (or corrected to normal)
vision and wore their prescribed optical correction where necessary. All
observers received one training session to familiarise them with the proce-
dures.
3.2. Equipment
Stimuli were presented on a Mitsubishi Diamond Scan 50n monitor
driven by an ATO Rage 128y graphics card. The screen had a mean lumi-
nance of 26 cd/m2. The experimental programs were written on an Apple
Macintosh G3 computer using the Matlab environment and the Psycho-
physics Toolbox and Video Toolbox packages (Brainard, 1997; Pelli, 1997).
The monitor had a resolution of 1024 £ 768 pixels and a frame refresh rate
of 85 Hz. One pixel on the screen was 0.27 mm2. The screen was viewed bin-
ocularly at approximately 100 cm from the screen, although no restraints
were used. The non-linear relationship between the voltage supplied to the
display and the output luminance was corrected using a look-up table. Prior
to the experiment, luminance values at the screen were measured using a
photometer. These were used to create a look-up table of voltages which cor-
rected for the non-linearities of the screen such that each requested incre-
ment led to an equal luminance increment at the screen.
3.3. Stimuli
The stimuli were arrays of Gabor micro patterns (see Fig. 1). The spa-
tial frequency of the modulation was 2.2 cycles/deg and of the envelope
was 0.07 cycles/deg.
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3° around the Wxation marker. The display contained 8, 12, 16 or 24
Gabors. When all the Gabors were presented at once they were positioned
at regular intervals around the circle. One Gabor (chosen randomly) was
tilted clockwise (p D 0.5) or anticlockwise (p D 0.5) of vertical. This tilted
Gabor is termed the target. The orientation of the target was varied using
a method of constant stimuli such that the range of orientations used
spanned the psychometric function when possible (i.e., 5–10 levels between
0° and 64°). On preview trials, half of the Gabors were presented prior to
the rest. The positions of the previewed Gabors were selected randomly
from the full set of possible positions on that trial. After a duration of
either 250 ms (short preview) or 1000 ms (long preview), the remainder of
the Gabors were added to the display. The display then stayed on the
screen for 250 ms (or 500 ms in one case, see Experiment 1a). In the pre-
view condition the target Gabor was always in the second group and never
in the previewed group.
In some conditions, orientation noise was added to some of the non-
target Gabors. In these cases the orientation of the modulation of the
noisy Gabors was chosen from a normal distribution with mean at vertical
and standard deviations of between 5° and 30°. The orientation of each
noisy Gabor was selected separately and independently from the distribu-
tion of possible orientations and could be clockwise or anticlockwise of
vertical with equal probability.
3.4. Procedure
On each trial, the observers’ task was to indicate whether the target
Gabor was tilted clockwise or anticlockwise of vertical. Observers made a
Fig. 1. Illustrations of stimuli used in experiments. Left column of displays
illustrates the Wrst image seen by participants and the right column shows
the Wnal (second) display shown.key-press to indicate their response and a further key-press to indicate
they were ready to continue with the next trial. Observers were instructed
to Wxate at the Wxation marker and were informed that since the target
could appear at any location that Wxating centrally was their best strategy.
Each run of the experiment contained 20 trials at each of the levels of tar-
get tilt. Each observer performed a minimum of 3 runs for each condition.
Observers typically completed 6–12 runs per session.
The data were averaged across runs, separately for each observer. The
data were then Wtted with a cumulative Gaussian function. The threshold
performance was taken as the orientation required for the observer to cor-
rectly indicate the target’s orientation on 75% of trials. 10,000 bootstrap
replications of the Wt were carried out (Foster & Bischof, 1997; Wichmann
& Hill, 2001a, 2001b) which were used to estimate the goodness-of-Wt of
the Gaussian function and 95% conWdence intervals (CIs) for the thresh-
old estimate. When the Wt of the cumulative Gaussian fell outside the 95%
percentile of possible Wts, more raw data were collected for that function.
Where error bars are shown for individual data, it is these 95% CIs that are
shown. Where results are reported for the group, error bars are §1 stan-
dard deviation. ANOVAs were used, unless mentioned otherwise, for
group statistics.
4. Results
4.1. Experiment 1: Preview search and noise exclusion
There were three parts to Experiment 1. In the Wrst part
we established that orientation discrimination thresholds
are related to the number of Gabors presented in our dis-
play. We then replicated the preview beneWt (previously
found in reaction time studies) using a psychophysical
accuracy paradigm. Finally, we measured whether observ-
ers are able to exclude noise from previewed distractors.
4.1.1. Experiment 1a: Search functions – baseline
To establish the basic search performance for our
observers, we measured the tilt required to discriminate the
orientation of the target as the number of vertical non-tar-
get items was increased. All Gabors were presented simulta-
neously (i.e., no preview) for 250 and 500 ms. The mean
thresholds across observers are shown in Fig. 2. The
orientation discrimination threshold increased with the
Fig. 2. Mean thresholds for identifying the tilt (clockwise or anticlockwise)
of a single tilted Gabor patch amongst diVerent numbers of vertical
Gabors. Squares show data from 500 ms presentation and triangles from
250 ms presentation. Error bars show §1 standard deviation.
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in line with previous reports (e.g., Morgan et al., 1998).
Although the presentation duration did not aVect the mag-
nitude of the eVect of the number of distracters across the
group (F(1,3) D 0.77, p D 0.445), for the investigations into
the preview beneWt we chose a duration for the search dis-
play that produced the largest eVect of the number of
distracters for each observer individually. For AGC this
was 500 ms and for the other observers the presentation
duration was 250 ms.
4.1.2. Experiment 1b: Preview search replication
Next we sought to replicate the performance beneWt
found in reaction time studies with our orientation discrim-
ination paradigm. Performance when the previewed items
were presented for 250 and 1000 ms prior to the remaining
items is shown in Fig. 3. For three observers, thresholds
were lower in the preview conditions (diamonds and
squares) than when all the items were presented simulta-
neously (crosses). For the remaining observer (CEG) the
only condition in which the threshold did not increase with
the number of Gabors was when there was a long preview
(squares), suggesting that here too, previewing distracters
improved performance. Over the group the increase inthreshold with increasing numbers of distracters was less in
the preview conditions than the non-preview conditions
(paired samples t-test t(3) D 3.7, p D 0.03 two tailed). This is
similar to a slope eVect in a reaction time study.
One of the features of the preview beneWt in reaction
time studies is that it shows a relatively long time course,
with optimal search occurring with preview durations of
500 ms or longer (Humphreys et al., 2004b; Humphreys,
Olivers, & Yoon, 2006; Watson & Humphreys, 1997). The
preview duration, however, did not have a clear eVect on
performance in this Wrst experiment. Observers in this
experiment undertook a larger number of trials than is typ-
ical in a reaction time study and it is possible that this
extended practice could have reduced the impact of the pre-
view duration by helping some observers to either encode
and suppress items more rapidly or by tuning their detec-
tion earlier to the locations or onsets of the upcoming
items. We return to this point in Experiment 2.
4.1.3. Experiment 1c: Adding noise
To investigate what information can be excluded when
some Gabors are previewed we added orientation noise (or
jitter) to the previewed (or non-previewed) Gabors. Figs. 4
and 5 show orientation discrimination thresholds (y-axis)Fig. 3. Orientation thresholds for the target Gabor for four observers. Performance is shown when half of the non-target items were presented as a pre-
view, compared to when all the items were presented at once. Results for search without preview are shown with solid line and crosses, for when there was
a 250 ms preview with diamonds and dashed grey line and for 1000 ms preview with squares. The x-axis title refers to the total number of items. Error bars
are 95% conWdence intervals.
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added to half the elements. These noisy Gabors were either
displayed at the same time as the rest of the Gabors or pre-
viewed 250 or 1000 ms earlier. Although graphs of the
group eVects are shown, all observers showed the same pat-
tern of results. The magnitude of orientation noise added to
half the Gabors is presented on the x-axis. When orienta-
tion noise was added to some Gabors and these were not
previewed, thresholds rose dramatically. This is to be
expected since, on some occasions, the target orientation
Fig. 4. Average orientation discrimination thresholds for a target Gabor
when half the non-target Gabors have jittered orientations. Eight ‘noisey’
Gabors are either presented at the same time as seven vertical non-target
Gabors and the target (diamonds) or they are presented earlier than the
rest of the display with a preview duration of 250 ms (triangles) or 1000 ms
(open squares). Error bars are group standard deviations.
Fig. 5. As Fig. 4 but for displays containing a total of 24 Gabors. Error
bars are group standard deviations. For clarity of display of the data
points the y-axis cuts oV the top of two of the error bars. These error bars
end at 89° and 66° (external noise D 10 and 20, respectively). These large
estimates reXect the diYcultly of estimating thresholds in noise with high
levels of orientation variation.magnitude was smaller than the range of orientations of the
distracter Gabors. If the preview beneWt is due to perfect
exclusion of information from the previewed items, adding
noise to previewed items will not aVect performance.
Although several theories propose that previewed informa-
tion is excluded, no previous studies have attempted to
measure how well this is done.
When there was a total of 16 Gabors (Fig. 4), previewing
the noisy Gabors greatly improved performance and noise
exclusion for all observers, compared to when all the items
were presented simultaneously (diamonds). An ANOVA
with factors of condition (no preview, short preview, and
long preview) and noise level (5, 10, 15, and 20) showed a
main eVect of condition (F(2,6) D 28.8, p D 0.001), noise level
(F(3,9) D 74.6, p < .0005) and a signiWcant interaction
(F(6,18) D 10.5, p < .0005). A separate ANOVA comparing
just the long and short preview conditions indicated that
the long preview was signiWcantly diVerent from the short
preview (F(1,4) D 12.8, p D 0.037).
When there was a total of 24 Gabors (Fig. 5) the advan-
tage of previewing the noisy Gabors was much less obvious,
however, the diVerent conditions were still signiWcantly
diVerent from each other (F(1,4) D 8.2, p D 0.04, Greenhouse–
Geisser corrected). The two diVerent preview durations
were also signiWcantly diVerent from each other (F(1,4) D 7.9,
p D 0.05).
4.2. Experiment 2: Preview vs cueing
In Experiment 1, observers were able to exclude orienta-
tion noise from the previewed locations. This reduced
eVect of distractor noise suggests that the preview enables
participants to decrease the number of display locations
being monitored. This might come about if observers sup-
press the old stimuli (in line with an account in terms of
visual marking; Watson & Humphreys, 1997), because
they use the preview items to guide their attention towards
the empty locations that are subsequently occupied by the
newer, search items (e.g., if participants attend to the gaps),
or because new items capture attention (Donk & Theeu-
wes, 2001), after being automatically segmented from old
items. In Experiment 2 we test whether active cueing of
attention to the locations of the new items generates the
preview beneWt. We measured performance in a similar
task to Experiment 1, but using visual cues to indicate the
locations of the items to be searched. If the preview beneWt
is due to participants actively attending to a smaller num-
ber of possible target locations, then the results for Experi-
ments 1 and 2 will be similar. On the other hand, if the
preview beneWt involves more than reductions in uncer-
tainty due to attending to fewer potential target locations,
we will not be able to match the results of Experiments 1 to
those in Experiment 2.
In Experiment 2 we tested whether observers could
achieve the level of performance found in preview condi-
tions when they were cued to attend to a subset of Gabors
that included the target (Attend Adjacent). In a further
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away from the ‘cued’ locations (Attend Gaps). The task in
this latter condition is more similar to that in a preview
condition – where participants must direct their attention
away from the presented items, into the empty locations.
4.2.1. Method
The method was the same as Experiment 1, except for
the details below. As in Experiment 1, the target Gabor
(chosen randomly) was tilted clockwise (p D 0.5) or anti-
clockwise (p D 0.5) of vertical. Unlike in Experiment 1, all
Gabors were presented simultaneously. Prior to the presen-
tation of the Gabors, half of the possible Gabor locations
were each cued by a small (diameter D 12 pixels, see Fig. 1)
dark square. These cues are adequate to direct attention to
the items’ locations at the durations used here (Cheal &
Lyon, 1991, and see the control experiment later). These
squares were presented for 250 or 1000 ms prior to the pre-
sentation of the Gabors and remained present whilst the
Gabors were on the screen. The meaning of these squares
depended on the condition and was clearly explained to the
participants. The order of conditions was counterbalanced
between observers.
In the Attend Adjacent condition, observers were told
that the target would always appear in one of the locations
adjacent to the squares. The target always appeared in one
of the locations adjacent to the cue-squares. The rest of the
cued locations contained upright Gabors. Orientation noise
was added to remainder of the (uncued) Gabors. This con-
dition tests whether an explicit cue can produce the same
performance as previewing distracters.
In the Attend Gap condition observers were told that the
target would always appear in one of the locations between
those indicated by the squares. The target never appeared in
one of the locations adjacent to the squares. The rest of these
gap locations contained upright Gabors. Orientation noise
was added to the remainder of the Gabors.
4.2.2. Results and discussion
Orientation thresholds for the target item are plotted for
each level of noise in the unattended Gabors for the Attend
Gap, Attend Adjacent and preview (re-plotted from Exper-
iment 1) conditions in Fig. 6. At the longer preview dura-
tion (6a) there was a signiWcant eVect of condition
(F(2,6) D 5.1, p D 0.05) as well as a signiWcant eVect of the
level of noise (F(3,9) D 5.6, p D 0.02). Thresholds were lower
in the preview condition than in the either of the cued con-
ditions (preview vs Attend Adjacent F(1,3) D 21.8, p D 0.02);
preview vs Attend Gaps F(1,3) D 8, p D 0.067, borderline sig-
niWcant, and individually signiWcant for three of the four
observers, Attend Gaps and Attend Adjacent were not sig-
niWcantly diVerent from each other (F(1,3) D 1.5, p D 0.31). At
the shorter preview duration (6b), there was no signiWcant
eVect of condition (F(2,6) D 1.2, p D 0.37).
With short presentation durations, there was only a
small and unreliable advantage for the preview condition
compared to the cue conditions. With longer durations,however, the preview had a greater beneWt than the cues,
even though the preview, if anything, presented less infor-
mation about the locations of the up-coming search stimuli
than the cues in the Attend Adjacent condition. It seems
that even when explicitly cued as to the location of the tar-
get, observers cannot match the performance they can
achieve with a preview search display.
4.3. Control experiment
It was surprising to us that there was no diVerence
between the Attend Adjacent and Attend Gap conditions.
One interpretation of this result is that participants were
unable to use the explicit cues to direct their attention to
the correct group of Gabors. In previous work, participants
have been shown to be able to use up to eight cues simulta-
neously (Solomon, 2004). To ensure that our cues were
indeed acting as cues rather than, for example, masks, we
Fig. 6. Cueing experiment. Average orientation thresholds for the target
Gabor amongst 15 distracter Gabors as a function of the amount of orien-
tation noise in half of the distracter Gabors. In the Attend Gaps condition
(diamonds) the target was presented away from the areas that were cued
and orientation noise was added to the Gabors adjacent to the cue-
squares. In the Attend Adjacent (triangle), the target was in the areas adja-
cent to the cue-squares (and orientation noise was added to the Gabors
that were not next to a cue-square). These conditions are compared to
when orientation noise was added to previewed Gabors (crosses): (a)
250 ms preview or cue duration and (b) 1000 ms preview or cue duration.
Error bars are §1 standard deviation.
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ipants and one naïve participant repeated Experiment 2,
but only one cue was presented. The cue always indicated
the position of the target and appeared prior to the search
display. The cue either then remained on (Constant Cue
condition) or oVset when the search display appeared
(OVsetting Cue condition). These conditions were com-
pared with the case when there was no cue presented. The
results are shown in Fig. 7. When there was no cue, orienta-
tion thresholds rose sharply with the amount of orientation
noise in the distracters. When a cue was presented, however,
the eVect of the noise was negligible (thresholds were the
same when there was high noise as when there was no
noise). Our cue, therefore, could be eVective in guiding
attention to the target Gabor. In addition, there was no
diVerence between the results when the cue remained on,
compared to when it oVset, indicating that the cue did not
mask the Gabor.
These data indicate that there was nothing in the pres-
ence of the cue, per se, that prevented attention being allo-
cated to the target (e.g., there was no masking eVect from
the cue on the target). It also indicates that attention was
not simply captured by all the new items in the search dis-
play, overcoming any eVects of cueing attention, since
attention could be eVectively cued to the target. Similarly,
the cues were not masked by the appearance of the search
display, as this masking eVect would be the same (or
greater) when there is only one cue presented, as here, rela-
tive to when there are several cues. The failure to diVerenti-
ate between the Attend Adjacent and Attend Gap
conditions, then, suggests either that (i) participants were
not able to attend to the multiple cues (though they could
attend to a single cue in the control study) or (ii) partici-
pants could attend to the multiple cues, but this was simply
not as eVective as having a preview of the old items. In
either case, the results indicate that cueing of attention to
Fig. 7. Results of single cue control experiment. The mean orientation
threshold, for three observers, for each of range of orientation noise. The
cue was always valid. Orientation noise was always in half of the distracter
Gabors, as in Experiment 2. Error bars (where visible) are §1 standard
deviation.the upcoming locations of the new items is not the major
factor contributing to the preview advantage (and note that
participants would have had to use multiple cues to guide
attention in the preview as well as the Attend Adjacent and
Attend Gap conditions).
The other Wnding to note in Experiments 2 and 1c is that
participants were better able to keep distractors ‘out’ from
search when the preview was presented for longer dura-
tions. The ‘short duration’ 250 ms separation between the
preview and the newer search items should be suYcient
both to achieve temporal segmentation of the displays and
to allow attention to be selectively captured by the new
items (Yantis & Gibson, 1994). The improvement in perfor-
mance with the longer preview, when noise was added to
the distractors, suggests that some process additional to
temporal segmentation and/or local onset capture contrib-
utes to performance.
5. General discussion
This study aimed to investigate whether noise can be
excluded from previewed items and whether explicit cues
to selective attention can match the beneWt from a pre-
view display. In Experiment 1, observers were able to
exclude orientation noise at the locations of the pre-
viewed items. They were also better at excluding noise
when the initial distractors were previewed for longer. In
Experiment 2, we compared performance in the preview
condition with performance when critical display items
were cued. With the short preview duration, performance
with the explicit cues was not signiWcantly diVerent from
that with the preview. At the longer duration, however,
performance in the preview condition was better than the
cued conditions.
5.1. Noise exclusion
Participants were able to exclude noise from in the pre-
view display. Excluding visual noise and spatial uncertainly
reduction are likely to involve voluntary sustained atten-
tion mechanisms (Lu & Dosher, 2004; Lu & Dosher, 2000;
Morgan et al., 1998; Watson & Humphreys, 1997). Consis-
tent with these mechanisms, observers were able to eVec-
tively exclude orientation noise from the previewed items
and were even better at doing this with longer previews.
One question, then, is whether there is sustained attention
to the locations of the forthcoming (newer, search) items, or
away from the preview items (e.g., suppression of the pre-
viewed stimuli). If attention to new locations were critical,
then observers should receive the same beneWt from pre-
views and from cues allowing then to exclude an equivalent
number of potential target locations. Experiment 2 exam-
ined performance when there were cues to the target (plus
stimuli equivalent to the newer distracters in preview
search), and also when the cues were to distracters (i.e.,
when the cues indicated where not to attend). Preview
search was more eYcient than both of these cases but only
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strongly suggests a role for a slow sustained inhibitory pro-
cess, biasing search away from the old stimuli.
5.2. Cueing vs preview
Another way to look at our results is that, rather than
considering the preview condition as producing good per-
formance compared to the cues, the cues could be said to
produce poor performance compared to the preview – per-
haps due to the cues masking the target. However, in a con-
trol study using one cue we conWrmed that our cue was
eVective as a guide for attention and did not mask the tar-
get Gabor, i.e., participants were able to allocate attention
eVectively to a cue falling in a location adjacent to a target.
Despite this there was no diVerence between conditions
with multiple cues that either directed attention to locations
adjacent to new items in the search task (the Attend Adja-
cent condition), or to locations adjacent to the locations of
distractors (the Attend Gap condition) and in both of these
conditions performance was worse than in the preview con-
dition. It could be argued that the preview condition was
more eVective than the cueing conditions because the cues
were only adjacent to, and not at the exact locations of, the
critical stimuli. However, the control study (with one cue)
demonstrated that cueing attention to an adjacent location
was eVective in enabling attention to be restricted to the
target position. This also demonstrates that attention could
be restricted to one of the new onset items in the search
task, and that there was not capture by all the new items
(overriding any cueing eVect). It appears, rather, that either
participants could not use multiple cues to guide attention
to a subset of the new items, or that they could use these
cues equally eVectively in the Attend Adjacent and Attend
Gap conditions, but neither enabled attention to be as well
conWned to the new items as the preview condition. We con-
clude that the preview eVect itself cannot be solely attrib-
uted to active guidance of attention to the locations of the
new items.
One question is why our cues could not themselves act as
a form of preview, either marking the positions of the items
to be ignored (in the Attend Gap condition) or attended (in
the Attend Adjacent condition; perhaps if a form of posi-
tive marking exists). One possible explanation is found in a
previous study. Peterson et al. (2003) have suggested the
beneWt found in previewing can also be found when items
are marked by other transient stimuli (e.g., the onsets of the
cues here); however, this marking eVect may be destroyed if
another, similar change happens between the change that
instigates the marking process and the onset of the search
display, at least when that change violates ecological con-
straints (see Kunar, Humphreys, Smith, & Watson, 2003;
Watson & Humphreys, 2005). In the standard preview ben-
eWt the luminance change at the onset of the previewed set
may allow these items to be marked and so ignored (cf.
Watson & Humphreys, 1997). In the Attend Gap condition
a similar process may apply to the cued locations, whilst inthe Attend Adjacent condition a process of positive mark-
ing may be applied to the cued locations, since these will be
relevant to search. However, in both the Attend Gap and
Attend Adjacent conditions of our study any marking of
the cues may be overridden by onsets of the search items at
those locations. This would not be the case in the preview
condition, where the distractors at the previewed locations
do not change when the search display appears. Now, in
prior studies where marking has been overridden by other
transients, the information denoting the marked stimuli/
locations was typically removed before the interfering tran-
sients occurred (e.g., Peterson et al., 2003). In our study,
though, the cues remained in the Weld when the search dis-
plays appeared. So, if there was any overriding of marking,
this occurred even when the elements indicating the loca-
tions to be marked were static. Thus we extend previous
work on transient interference on marking. Most notably,
though, this reasoning still Wts with the main thrust of this
paper, which is that performance in the preview condition
itself cannot be due to expectancies (positive marking) of
the locations where the new search items will appear. Note
that, in the preview condition, there were no cues to mark
the locations to-be-attended; thus any interference from the
transient onsets of the new search items should be more
likely to disrupt positive marking even relative to the
Attend Adjacent condition (where the cues remained). We
conclude that the preview condition was not based on posi-
tive marking, but rather suppression of the locations of old
distractors, which then no longer competed so strongly for
attention with the new items in search (Watson & Humph-
reys, 1997).
An alternative proposal is that there is automatic seg-
mentation of the old and new displays (Jiang, Marks, &
Chun, 2002) and attention capture by the new search stim-
uli (Donk & Theeuwes, 2001). Note that the preview condi-
tion diVers from the attentional cueing conditions in that,
in the cueing conditions, all the search items appeared
together whereas only half appeared in the preview. The
fewer new onsets in the preview condition could give rise to
the search beneWt. One other piece of relevant information
here, though, is that in Experiments 2 and 1c there was a
selective improvement in preview search over time, as the
preview duration increased, whereas the onsets of the new
items should be equally good cues with short as well as with
long duration previews here. This is not to say, though, that
processes such as onset capture by new items (and also tem-
poral segmentation) do not contribute to preview search –
they may, but they are insuYcient to explain our results as
both onset capture and temporal segmentation ought to
operate at both preview durations (Yantis & Gibson, 1994),
yet in Experiment 2 there were consistently greater beneWts
at longer durations. The data, however, are consistent with
a relatively slow process of suppressive marking of irrele-
vant, old locations.
Unlike Experiments 2 and 1c, we failed to Wnd clear
eVects of preview duration in Experiment 1b. We suggest
that this was because, in Experiment 1, participants had
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have the eVect of reducing the time required to encode (and
suppress) the preview displays. In the remaining experi-
ments the preview condition was presented along with two
cueing conditions and participants had relatively less prac-
tice at preview search. With relatively less practice, the
eVect of preview duration Wts re-emerged. This speculation
about the eVects of practice and preview duration needs to
be explored in future work.
5.3. Relationships to existing theories of preview search
We suggest that the eVects of the preview duration here
are consistent with a relatively slow acting process in
which noise associated with distractors is excluded from
selection. This Wts with an account in terms of visual
marking (Watson & Humphreys, 1997) rather than auto-
matic temporal segmentation and/or attention capture by
local onsets. It is also consistent with prior psychophysi-
cal studies where noise exclusion processes have been
linked with a sustained attention mechanism (Lu &
Dosher, 2004; Lu & Dosher, 2000; Watson & Humphreys,
1997). Other data indicate that performance under pre-
view conditions is dependent on the attentional set of the
observer (see Humphreys et al., 2004b; Watson & Humph-
reys, 2000 for behavioural evidence; see Allen & Humph-
reys, 2006; Pollmann et al., 2003, for fMRI results), and
the preview beneWt can be disrupted when attention is dis-
tracted from the preview (Humphreys et al., 2002; Olivers
& Humphreys, 2002; Watson & Humphreys, 1997). These
last results suggest that the preview beneWt is not simply
due to automatic processes, such as adaptation or habitu-
ation to the preview for example, but instead involves
active biases.
There is other evidence against onset capture providing a
full account of performance. In particular, onsets are not nec-
essary to generate the preview beneWt in search, and evidence
of onset capture is not suYcient to produce a beneWt. Thus
preview beneWts can occur even when the previewed and
newer items are not deWned by onsets (Humphreys et al.,
2004a; Humphreys et al., 2004b, Humphreys, Olivers, & Bra-
ithwaite, in press), and patients with parietal lesions can show
evidence of onset capture without a preview beneWt (Humph-
reys et al., in press). We suggest that a slow acting process of
visual marking, in which distractors are excluded from selec-
tion, is needed to account for the overall pattern of data,
including the results on noise exclusion here.
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